India is rich in water resources being endowed with a network of rivers that can meet water requirement of the country. However, with the rapid increase in the population and increasing demands of water for irrigation purposes, the available water resources are getting depleted and the water quality is deteriorating. Humans have strongly impacted the global water cycle including its quantity and quality. In the present work, we have discussed the water availability in major river basins and have described both the quantity and the quality of water resources in India. In water quantity, we compare the relationship between groundwater withdrawal and precipitation that shows the highest groundwater withdrawal in the northern region. We have also discussed the future expectations of water quantity in India. In water quality, we examined the relationship between cereal production and high consumption of nitrate in agricultural water and have discussed the extensively high consumption in the northern state of Punjab in India.
INTRODUCTION
India is the seventh largest country in the world, covering an area of about 328.7 million hectares, with a population of nearly 1.2 billion. India occupies only 2.4% of the total geographical area but supports about 16.2% of the world's human population 1) . The mainland of the country extends between latitudes 8°4' and 37°60'N, longitudes 68°70' and 97°3'E. India is divided into 28 states, 7 union territories and 1 national territory. Rainfall is dependent on the south-west and north-east monsoons on shallow cyclonic depressions and disturbances on local storms. The rivers like Ganges, Brahmaputra and Indus originate from the Himalayas and carry water throughout the year 2) . Agriculture has large-scale impacts on water resources because it consumes 90% of global freshwater in developing countries 3) . The expansion of irrigation has decreased global river discharge to the oceans by 0.3% (equaling 118 km 3 ) between 1901 and 2002, due to increased return flows to the river system 4) . Currently over half of the world's global river systems are regulated by dams 5) , which mostly lie in basins where irrigation and economic activities take place. The total cumulative storage of large dams is about 20% of global annual runoff 6) . India is predominantly an agricultural country with 65% of population depending on agriculture 7) . Even with an extensive network of rivers, India does not have enough water resources to meet the requirements of the country. Conversion of natural to agricultural ecosystems impacts water quality. Further, global nitrogen fertilizer consumption has increased by ~600% from 1961 to 2000, which has large impacts on water quality 8) . Eutrophication, a result of high nutrient loads and excess nitrogen, is also a driving accumulation of nitrate in groundwater that is a very crucial issue in India. Thus, the country presently has considerable scarcity of clean water availability, which is also predicted in the near future.
In order to tackle this problem of water availability in India, it is necessary to first develop a method that can estimate the quantity of water available in the country. In the present work, we have discussed more details of water availability in India and, have estimated the total water withdrawal and sector-wise water withdrawal by using the H08 model and statistical data, which allows us to understand the water quantity in India. In addition, we have also discussed the water quality, which has detoriated with the excessive use of nitrogen as nitrate in agricultural water of India.
METHODS (1) Agriculture water withdrawal
In order to estimate the agricultural water withdrawal, we have utilized a model based on an integrated global water resource, known as the H08 model 9) . It can simulate both natural water flow and anthropogenic water withdrawals globally on a daily interval at the resolution of 0.5 × 0.5 degree by using the meteorological forcing data and the geographical information (land use/land cover) data. For meteorological forcing data covering the 85-year simulation period (1965-2050), we used the forcings from WATCH (WATer and global CHange) WorkBlock3 data, available for the period 1960-2100 based on two GCM (ECHAM5 and IPSL) results and A2 emission scenario. They consist of daily states of global weather in 0.5 degree grids but exclude Antartica region. The variables here are the air-temperature, the specific humidity, the wind speed, the air pressure, the downward short and long wave radiations and the precipitation. This data was bias-corrected against daily precipitation and temperature using the method proposed by Piani et al. 10) . We have also prepared the land use/land cover data of irrigation area and reservoirs information for our simulation. In order to prepare past irrigation map (1965-2000), we used a global spatial and temporal database of Historical equipped Irrigation Map (HIM) 11) , for this future irrigation map (2001-2050) FAO irrigation area scenario, which assumes that the irrigation area expansion is based on FAO report 12) . Considering the FAO scenario, Buruinsma 12) has predicted that the world crop production would increase by 55 % from 1997/99 to 2030 compared to a 126 % increase over the preceding period of equal length. The global annual growth would increase by 0.6 % per year over the projected period 12) . Further, we have also estimated the area occupied by large reservoirs with maximum storage capacity, which is larger than 1×10 9 m 3 and medium-sized reservoirs with a storage capacity ranging from 3×10 6 to 1×10 9 m 3 in each grid cell 13) . Larger reservoir data 14) are used for locating 548 reservoirs on the digital river network map 13) . Yoshikawa et al. 15) used the global database for the information of geophysical location, dam construction year, and capacity of 6862 reservoirs of the Global Reservoir and Dam database 14) , which represents the temporal variation and spatial distribution of medium-sized reservoirs capacity from year 1965 to 2000. For this purpose, we followed the approach of Pokhrel et al. 13) for large reservoirs and that of Yoshikawa et al. 15) for medium-sized reservoirs and we assumed that large and medium-sized reservoirs during the 50-year period (2001-2050) are not changed from 2000.
(2) Industrial and domestic water withdrawal
Apart from the water withdrawal for irrigation purposes, the water withdrawal for industrial and domestic purposes was derived by following the method suggested by Yamada et al. 16) . The base data for estimating the country scale water withdrawal for each sector (i.e., irrigation, industrial, and domestic) was taken from FAO/AQUASTAT 17) . The prepared country-scaled data were downscaled to 0.5 degree grid. Distribution of infrastructure area of 2000 was obtained from the global land use data of Erb et al. 18) and was used as the proxy of the industrial water withdrawal. Also the distribution of population is used for domestic water withdrawal as a proxy.
(3) Groundwater withdrawal
For groundwater withdrawal, we have prepared a country-based groundwater withdrawal database by compiling statistical data from various literatures, including CGWB 19) . Then, we decomposed the groundwater withdrawal amounts into withdrawals by agriculture, by industries and by domestic usage, by utilizing the ratios provided in the EarthTrends database maintained by the World Resources Institute (WRI) 16) .
RESULT (1) Water availability and its resources
India receives average annual rainfall of about 1180 mm 20) . The spatial variability is very conspicuous as it varies from 100 mm in western Rajasthan to 11,000 mm in Cherrapunji in the state of Meghalaya. The river network in India includes more than 20 major rivers and several tributaries 2) .
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We have estimated the basin-wise annual flow in Indian river system by the H08 model, which come out to be 16,908 km 3 in year 2000 (Fig. 1) 21) , whereas the annual per capita water availability reduced drastically to 1,949 m 3 . According to our simulation about the future prediction, the annual per capita water availability is expected to further drop down to 1,533 m 3 by 2050 (Fig. 2) . In the developing nations like India and African countries, 80-90% of water is used for agriculture purposes and only 2-5% is used for industrial purposes as was estimated for the year 2000 (Fig. 3) . 
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From year 1980 to 2000, the agricultural water withdrawal has been relatively high in comparison of the total water withdrawal 22) . Based on FAO irrigation area scenario, the simulated result of the agricultural water withdrawal is 558.4 km 3 in year 2000 and in future prediction, it will further increase by 930 km 3 in year 2050 (Fig. 5) . Due to the pollution in rivers, 80% of water for irrigation is drawn from groundwater 3) . The trend of past groundwater abstraction has been reconstructed over the period 1965-2000 at global scale to highlight the increasing importance of nonrenewable groundwater abstraction in irrigation practice over the recent past when irrigated areas expanded rapidly 23) . Relation between precipitation and groundwater indicates the wetter states with the continuous withdrawal of groundwater. Fig. 6 shows the relation between the total (agricultural + industrial + domestic) groundwater withdrawals with precipitation in several states of India 19) . The highest groundwater withdrawal is in the north-west region, especially in Uttar Pradesh (UP). Yamada et al. 16 ) also estimated the agricultural groundwater withdrawal of USA and India by utilizing the H08 model where irrigation water demand was used as a proxy. The result indicate that the dryer areas need more irrigation water per unit irrigation area compared to wetter areas and the groundwater withdrawal increased significantly with an increase in irrigation water demand.
(3) Water quality
Water quality is predominantly associated with nitrogen (as nitrate) leaching in agricultural soil, which is an important environmental issue at the global-scale 24) . Nitrate leaching is particularly linked to agricultural practices such as fertilizers and cultivation. According to the atmospheric conditions and soil texture, nitrogen is accumulated in varying amount. When it reaches the depth of soil, it is converted into nitrate through nitrification by microorganisms such as Nitrosomonas and Nictrobacter 24) . Nitrogen consumption has been increasing tremendously since the introduction of high yielding cultivation of cereal crops. Role of fertilizer in cereal production became more evident after the green revolution and nitrate consumption drastically increase from year 1980 to 2008 25) . The correlation between cereal production and nitrate consumption has recently increased to a very high value of 0.95 after 1980 as seen in Fig. 7 25) . The time series of nitrate consumption is strongly correlated with the high yield of crop production, which may also use a considerably large amount of water, and may result in a modified spatial distribution of groundwater withdrawal. The fertilizer statistics 25) shows the alarming concentration of consumption of nitrate is found in the state of Punjab and Haryana, which is about 139.6 kg/ha and 125.6 kg/ha, respectively, whereas the lowest nitrate consumption is found in the state of Jammu and Kashmir (Fig. 8) . It is also reported that the ratio of deep to shallow (25-50 m) wells is 1:100 in Punjab and Haryana, which implies that shallow groundwater is highly polluted water 26) in these states. With the renewed focus on agricultural development in northern region, the demand for fertilizer, especially nitrate, is expected to increase at a faster rate 26) . The excessive use of nitrate results in the depletion of groundwater and surface water 26),27) .
DISCUSSIONS AND CONCLUSIONS
In this study, we have utilizing the H08 model and mainly focused our simulation to the scenario of water availability in India. We were able to estimate the water availability in India at a resolution of 0.5 degree. By using the H08 model, we compared the total withdrawal and the agricultural water withdrawal distributions and we were able to indicate that the northern states have larger effect of an increased agricultural water withdrawal out of total water withdrawal distribution in the country. These states are intensively engaged with agricultural activities, which need huge amount of water for irrigation. Agricultural water withdrawal increases significantly with the scenario of irrigation area. The increasing groundwater withdrawals for agricultural purpose have been profoundly coupled with the degradation of water quality 28) . The agricultural water changes due to the increased demand of foods and biofuels are correlated with the growth of population and economic values. While more sustainable water would be needed, one would not be able to obtain enough water for irrigation purposes, particularly in the developing countries. As an effect of climate change and socioeconomic change, however, irrigation and other water demands are expected to grow and put more pressure on available water resources.
In conclusion, we have found that the groundwater withdrawal is relatively high in the north-west region with the relation of precipitation in several states of India. As future tasks, we should determine other factors that cause intensified groundwater withdrawals for a better estimation. The groundwater withdrawal is strongly related with the groundwater depletion. Both groundwater withdrawal and depletion have a similar increasing behavior. The quality of surface water and groundwater resources is depleting with the excessive use of fertilizers. The plains of Haryana and Punjab constitute two principal states that have come under intensive agriculture. The rising nitrate level disuses pollution risk in Punjab and Haryana which should be viewed with concern for the future. There is an imbalance between demand and availability in quantity of clean water. The impure quality should not be used for sustainable water use. Both water quantity and quality should be considered for simulation in hydrological water resources model.
If the present data are substituted with the withdrawal values of a country having similar physiographic conditions and economic development, it may cause a similar evolving pattern of water withdrawal 18) . Thus, our studies can also be utilized to estimate the water availability and water quality in other developing countries in the future. Based on this analysis and simulation, we suggest that the local government may implement our research for more effective research and policy reform for access control of water withdrawal and water quality to make the water use more sustainable in quantity and quality. 
